phospholipids, particularly phosphatidylinositol 4,5-bisphosphate, that may also be involved in anchoring the cPLA 2 α to cellular membranes [20] [21] [22] . Phosphorylation of cPLA 2 α is known to be effected by members of the mitogen-activated protein kinase family of enzymes, i.e. the extracellular signal-regulated kinases p42/p44, p38, and cJun N-terminal kinase, although the specific form involved appears to strikingly depend on cell type and stimulus [10] . In murine macrophages, the kinases responsible for cPLA 2 α phosphorylation/activation have been found to be p42/p44 [6, 23] .
Studies on 20:4 mobilization under activation conditions have traditionally relied upon the use of cells or tissues pre-labeled with radioactive fatty acid and measurement of radioactivity levels in different fractions after addition of the simulant. While these types of studies have been very useful to delineate biochemical pathways and enzymes involved, they were not devoid of complications derived from lack of homogeneous labeling among phospholipid pools and impossibility to detect specific molecular species [9, 24, 25] . The development of liquid chromatography/mass spectrometry (LC/MS)-based techniques to the study of lipids has allowed these shortcomings to be solved, since lipids in samples, even those present at relatively low concentrations, can be efficiently separated and identified with great sensitivity [9, [24] [25] [26] [27] [28] .
Our laboratory has been applying LC/MS phospholipid profiling to the study of the metabolism of 20:4-containing phospholipids during cell activation [9, [29] [30] [31] [32] [33] [34] 
Materials and Methods
Reagents -Cell culture medium was from Molecular Probes-Invitrogen (Carlsbad, CA).
Chloroform and methanol (HPLC grade) were from Fisher Scientific (Hampton, NH). Cell culture -Resident peritoneal macrophages from Swiss male mice (University of Valladolid Animal House, 10-12 week old) were obtained by peritoneal lavage using 5 ml of cold PBS, as described elsewhere [4, 5] . The cells were plated at 2 x 10 6 per well (6-well plates) in 2 ml of RPMI with 10% heat inactivated serum, 100 units/ml penicillin and 100 µg/ml streptomycin, and allowed to adhere for 20 h in a humidified atmosphere of 5% CO 2 at 37 o C. Wells were then extensively washed with PBS to remove non-adherent cells. Adherent macrophages were then used for experimentation. When inhibitors were used, they were added to the incubation media 30 min before stimulating the cells with zymosan. For inducing peritonitis, mice 6 were injected i. Preparation of zymosan -Zymosan was prepared as described elsewhere [35] . Briefly, zymosan particles were suspended in PBS, boiled for 60 min, and washed three times.
The final pellet was resuspended in PBS at 20 mg/ml and stored frozen. Zymosan aliquots were diluted in serum-free medium and sonicated before addition to the cells.
For preparation of opsonized zymosan, zymosan particles, treated as indicated above,
were incubated with fresh mouse serum (10 mg zymosan per ml serum) for 20 min at 37°C, and washed three times with PBS before use. No endogenous phospholipase A 2 activity was detected in the zymosan batches used in this study, as assessed by in vitro assay under a variety of conditions [36] [37] [38] [39] .
LC/MS analysis of 20:4-containing phospholipids -A cell extract corresponding to 10 7 cells was used for these analyses. The following internal standards were added: 600 pmol each of 1,2-dipentadecanoyl-sn-glycero-3-phosphocholine, 1,2-dilauroyl-snglycero-3-phosphoethanolamine, 1,2-dipalmitoyl-sn-glycero-3-phosphoinositol, and 1,2-dimyristoyl-sn-glycero-3-phosphoserine, before lipid extraction according to the method of Bligh and Dyer [40] . 100% solvent B in an additional 5 min. Flow rate was 0.5 ml/min, and 80 μl of the lipid extract was injected. The liquid chromatography system was coupled online to a Bruker esquire6000 ion-trap mass spectrometer (Bruker Daltonics, Bremen, Germany). The total flow rate into the column was split and 0.2 ml/min entered into the electrospray interface of the mass spectrometer. Nebulizer gas was set to 30 psi, dry gas to 7 l/min and dry temperature to 325°C. PE, PI and PS were detected in negative ion mode with the capillary current set at +3500 V over the initial 25 Afterward, samples were centrifuged to remove cells and the supernatants were collected. The extent of cytochrome c reduction was measured at 550 nm. The difference in absorbance between superoxide dismutase-treated and -untreated samples was a measure of the amount of reduced cytochrome c. Controls with superoxide dismutase (10 µg/ml) were run in parallel to ensure that cytochrome c reduction was due only to the superoxide anion generated during cell stimulation.
Lysozyme release assay -Lysozyme content in cell supernatants was determined by measuring the rate of clearance of a suspension of M. lysodeikticus, as described elsewhere [42] . Briefly, the cells (2x10 6 cells/ml) were placed in a glucose-containing buffer (10 mM Hepes, 150 mM NaCl, 1.2 mM MgCl 2 , 1.3 mM CaCl 2 , 5.5 mM glucose, pH 7.5). Then, the appropriate stimulus was added and the reaction proceeded for 1 h at 37°C. When PI(20:4/20:4) was used, it was added 30 min before the addition of the stimulus. Afterward, the supernatants were collected, and 1 ml was mixed with 1 ml of a M. lysodeikticus suspension (0.3 mg/ml in 0.1 M sodium phosphate buffer, pH 7.0).
The decrease in absorbance at 450 nm was measured at room temperature. A calibration curve was constructed using chicken egg white lysozyme as a standard, and run in parallel with the supernatant samples. linearly during the first hour, decreasing rapidly afterwards (Fig. 4) . The time-course of PI(20:4/20:4) formation is remarkably similar to that previously observed when isolated macrophages were used ( Fig. 2A) . [29, 30] , to the best of our knowledge we are not aware of previous studies dealing with this relatively uncommon species. By using a metabolipidomic approach consisting in stimulating the cells with zymosan in the presence of a low dose of 
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